Introduction 21
Protein-rich diets have become a popular strategy to enhance weight management and weight 22 loss (1) . Because obesity is one of the main risk factors of type 2 diabetes (T2D) (2) , increasing protein 23 intake may also have potential in T2D prevention (3, 4) . The optimal amount and quality of protein for 24 averting T2D is, however, controversial (3) (4) (5) . Although short-term interventions comparing higher 25 versus lower protein diets have shown beneficial effects on weight loss, body composition and 26 some metabolic markers (1, 4, 6, 7) , the results of long-term interventions have generally been 27 modest (1, 8) . Furthermore, some prospective studies have raised the concern that even moderately 28 higher protein intake may actually increase the risk of T2D (9) (10) (11) (12) (13) (14) , although also null associations 29 have been reported (15) (16) (17) . Some (18, 19) , but not all (20) epidemiological studies have also suggested that 30 replacing protein with carbohydrates could decrease the risk of T2D. Contrary to short-term 31 interventions, prospective studies have indicated that the association of high protein intake with 32 higher T2D risk is partly mediated via the impact of higher protein intake on obesity (10) (11) (12) (13) . 33
Strong indications exist that different protein sources are not similar in regards to risk of T2D. 34
Intake of red meat and especially processed red meat has been associated with increased risk of 35 T2D (21) (22) (23) (24) , whereas, for example, fermented dairy products have generally been associated with 36 decreased risk (24) (25) (26) . Different protein sources may also induce distinct effects on glucose and 37 insulin metabolism or inflammation, but research findings are scarce and inconclusive (27) (28) (29) (30) (31) (32) . 38
It is not clear, whether the divergent associations of protein sources with the risk of T2D are due 39 to the differential peptide or amino acid compositions of protein sources or due to some other 40 factors. In general, animal protein has been associated with increased risk of T2D (10, 11, 13, 33) , while 41 plant protein has had a neutral (10, 11, 17, 33) or an inverse association (13) fermented dairy products were associated with higher fasting serum insulin concentrations and 224 proteins from fish, cheese, and grain products with lower insulin concentrations. 225
Other proteins did not associate with glucose metabolism markers, and no associations were 226 observed with serum hsCRP. 227
228

Associations of dietary proteins with risk of type 2 diabetes 229
During the mean follow-up time of 19•3 y, 432 incident cases of T2D were identified. Total protein 230 intake or proteins from total red meat, unprocessed red meat or fish were not associated with the 231 risk of T2D (Table 2) . Animal protein intake, protein from total meat and protein from processed 232 meat were associated with increased risk of T2D in the model that was adjusted for age, 233 examination year and energy intake ( Table 2 , model 1), but these associations were not statistically 234 significant after further adjustments for potential non-dietary and dietary factors (models 2, 3 and 235 4). Protein from eggs was associated with a decreased risk of T2D (model 1), and although the 236 association was attenuated after multivariable adjustments, it remained statistically significant 237 (absolute risk in the lowest quartile 21•3%, absolute risk reduction in the highest quartile 7•1%, 238 model 3). Based on observed associations between proteins and BMI, plasma glucose and serum 239 insulin (Supplemental Table S4 ), we tested them as possible effect mediators. Inclusion of these 240 factors into the model further slightly attenuated the association between egg protein intake and risk 241 of T2D (HR in the highest versus lowest intake quartile 0•74; 95% CI: 0•49, 1 •13) . Total dairy 242 protein intake was associated with increased risk of T2D in the models adjusted for non-dietary 243 factors (models 1 and 2, Table 2 ), but in the multivariable-adjusted models total dairy protein or 244 protein from any dairy subtype was not associated with T2D risk (models 3 and 4). 245
Plant protein intake was associated with a decreased risk of T2D (model 1, Table 2 Table 2 ). Proteins from both grain products and from non-grain plant products showed non-251 significant associations towards lower risk of T2D. 252
In the substitution models, replacing 1 E% from carbohydrates with an equal amount of energy 253 coming from total protein was associated with 5% increased risk (HR=1•05, 95% CI: 1•00, 1•11) of 254 T2D, while the replacement with plant protein was associated with 18% (HR=0•82, 95 % CI: 0•69, 255 0•98) decreased risk (Fig. 1 ). Replacing carbohydrates with protein from other sources was not 256 associated with the risk (Fig. 1) . When the models were adjusted for fibre intake replacing total or 257 high-quality carbohydrates with protein was no longer statistically significantly associated with an 258 Replacing 1 E% coming from any animal protein except for protein from eggs with energy from 266 plant protein was associated with a 14-20 % decreased risk of T2D, although not all associations 267 reached statistical significance (Fig. 2) . However, almost all associations were slightly stronger 268 after further adjustment for BMI (Supplemental Table S5 ). 269
270
Associations of dietary protein sources with risk of type 2 diabetes 271
In the secondary analyses with the protein sources, total meat intake was associated with markedly 272 increased risk of T2D after multivariable adjustments (Supplemental Table S4 , absolute risk in the 273 lowest quartile 16•1%, absolute risk increase in the highest quartile 7•3%, model 3). Processed red 274 meat intake showed a borderline statistically significant association with a higher risk (P-trend 0•06, 275 model 3). Intakes of total red meat or unprocessed red meat did not associate with the risk of T2D 276 (Supplemental Table S6 ). Higher dairy intake, especially fermented dairy intake from other sources 277 than cheese, was associated with borderline increased risk of T2D (Supplemental Table S6 ). Intake 278 of major plant protein sources was associated with a decreased risk of T2D (models 1-3, 279
Supplemental Table S6 ). This association was markedly attenuated after inclusion of nutrients to the 280 model (model 4). 281
In the substitution models, replacing 50 g of total meat, total red meat, processed red meat, fish 282 or dairy with plant protein sources were all associated with decreased risk of T2D (Supplemental 283 Fig. S2 ). These associations were, however, not statistically significant after inclusion of BMI into 284 the models (Supplemental Table S7 with a decreased risk of T2D. Further adjustments for BMI had little impact on these associations 288 (Supplemental Table S8 Because BMI is a risk factor for T2D and related to intake of energy and most nutrients, 298 including protein, BMI might also be a confounder instead of a mediator. Adjustment for BMI did 299 not attenuate the statistical significance of the protein associations observed in the models 2, but 300 slightly attenuated the association with egg protein in the model 3. After the additional adjustment 301 for BMI, the extreme-quartile HR (95% CI) for intake of egg protein in the model 3 was 0•70 (0•46, 302 1•06). In the secondary analyses, the extreme-quartile HRs (95% CIs) for intakes of total meat, 303 processed red meat and major plant protein sources after the additional adjustment for BMI in 304 In this population-based cohort study in middle-aged and older Finnish men, total or animal protein 316 intake were not independently associated with the risk of T2D, but plant and egg protein intakes 317 were associated with a decreased risk. In the substitution models, replacement of energy from 318 carbohydrates with energy from protein was associated with an increased risk of T2D. Replacing 319 animal or dairy protein or carbohydrates with plant protein were associated with a decreased risk of 320 T2D. Results of food substitution models showed similar beneficial associations of replacing typical 321 animal protein foods with foods rich in plant protein. 322 Previous studies have observed inconclusive results, with many (10) (11) (12) (13) (14) but not all (15) (16) (17) , suggesting 323 that either total or animal protein intake associates with increased risk of T2D. Only one previous 324 epidemiological study found plant protein to associate with a decreased risk of T2D (13) . Discrepancy 325 13 between the results may be due to differences in both quality and quantity of protein and 326
carbohydrates. For example, in our study the total protein intake was only moderate in the highest 327 quartile (18•6 E%) compared to some other cohorts, in which the intake has been over 20 E% in the 328 highest intake group (10, 13) . Also, although higher total protein intake was associated with lower 329 carbohydrate intake, the difference was modest (2•4 E% between the lowest and highest quartiles) 330 compared to the majority of studies, which have observed total protein intake to associate with the 331 risk of T2D (10) (11) (12) (13) . 332
In our study, replacing both total and high-quality carbohydrates with protein was associated 333 with increased risk of T2D, whereas a study from the USA indicated a risk increase only when 334 high-quality carbohydrates were replaced (13) . This difference could be explained by the more 335 fundamental role of whole grains in the Finnish diet compared to the American diet (41) , given that 336 high whole grain intake has been associated with decreased risk of T2D (2, 41) . The importance of 337 carbohydrate quality is also emphasized by the finding that replacing carbohydrates with protein 338
was not associated with risk of T2D after adjustment for fibre. 339
Our results indicate that fibre intake may not the only benefit of favouring plant protein sources, 340 as the association plant protein with lower risk of T2D and replacing animal protein with plant 341 protein remained after adjustment for fibre. Thus, the plant protein in particular may be of 342 importance in T2D prevention. In the analyses with diabetes risk factors, plant protein intake was 343 associated with lower plasma glucose concentrations, suggesting that plant protein could affect T2D 344 risk via glucose metabolism. Although trials have indicated that replacing animal protein with plant 345 protein could improve glycaemic control (42) , more investigations are needed to confirm these 346 benefits. Furthermore, other factors related to plant protein intake, such as polyphenols, might 347 partly explain the association between plant protein intake and decreased risk of T2D (32, 43) . 348
Our results support the previous observations that the associations between protein intake and 349 T2D risk may be partly mediated by BMI (10) (11) (12) (13) . In our cohort, both total and animal protein intakes 350 were associated with higher BMI, and many of the protein-T2D associations were slightly 351 attenuated after adjustment for BMI. However, it is hard to disentangle whether BMI is a mediator 352 or a confounder, and the slight attenuation of the associations after inclusion of BMI into the 353 models might also be due to reduced confounding. Importantly, the advantages of replacing animal 354 proteins with plant protein remained after adjustment for BMI, suggesting that this association was 355 not significantly affected by the weight status. 356
When animal protein intake was divided into more specific categories, multivariable-adjusted 357 protein models did not show statistically significant associations, except for the association of egg 358 protein with lower risk of T2D. We have earlier reported in this study population that egg intake 359 was associated with significantly decreased risk of T2D (44) . Because egg protein intake is highly 360 correlated with egg intake, we cannot conclude whether the beneficial association was due to the 361 whole egg intake or egg protein itself. In addition to being of high quality, egg proteins are 362 suggested to have bioactive functions, such as anti-inflammatory properties (45) . 363
In the models with protein sources, high total meat intake and high total and fermented dairy 364 intake indicated an association with an increased risk of T2D. The association between high total 365 meat intake and increased risk of T2D remained after adjustments for saturated fat, cholesterol, 366 serum ferritin, and BMI, which have been suggested to explain the association between meat intake 367 and risk of T2D (23, 40) . High exposure to advanced glycation end products, trimethylamine N-oxide, 368 branched chain amino acids, nitrites, and sodium could thus be more potential factors (23, 39, 40) . While 369 meta-analyses have generally indicated the most robust association for processed red meat intake , in our study total meat intake was the strongest predictor of T2D risk, while processed red meat 371 intake showed only a borderline association. Similarly, a more pronounced association for total 372 meat intake was observed in another Finnish study (46) . Interestingly, the association between 373 processed red meat and increased risk of T2D appears to be stronger in the studies conducted in the 374 USA or in Britain than in studies from other European countries (23) . Differences in the typically 375 consumed meats and preparation methods and in lifestyle factors associated with meat intake could 376 explain these results. For example, intake of bacon, which appears to be especially strongly 377 associated with T2D (22, 23) , is rare in our population. 378
Meta-analyses have indicated either inverse (25) or neutral association (26) between total dairy 379 intake and risk of T2D. The suggestion for a harmful association in our population may be due to 380 the exceptionally high dairy intake. The median intake was 689 g, whereas the recent meta-analysis 381 reported medians between 111 and 400 g (25) . Very high dairy or meat intakes may be markers of an 382 unbalanced diet, which could explain the increased risk of T2D. The indicative association between 383 fermented dairy products and increased risk of T2D is also contradictory to meta-analyses that have 384 shown fermented dairy, especially yogurt intake, to associate with lower risk of T2D (25, 26) . Only 385 14% of our study population consumed yogurt, while other types of fermented dairy, such as sour 386 milk, were more typical. Thus, further comparisons of different types of dairy products are 387 essential. 388
Strengths of this study include the long follow-up and comprehensive information about dietary 389 protein sources and possible confounding factors. Although 4-day food record provides detailed 390 information about diet and is not prone to memory errors, it may not be the best method for 391 capturing foods that are consumed occasionally. The long follow-up time may have attenuated the 392 relationships between dietary proteins and T2D; however, the associations were not markedly 393 different in the analyses with a shorter follow-up time. Despite extensive adjustments, we cannot 394 exclude the possibility of residual confounding. In free-living people, many dietary factors tend to 395 correlate with each other. Thus, it is hard to disentangle whether the observed associations are due 396 to specific nutrients or foods, or whether the associations rather represent a healthy diet as a whole. 397
For example, high plant protein intake was strongly associated with healthier lifestyle, which may 398 partly explain its association with a lower T2D risk. The study population included Caucasian 399 middle-aged men, so results may not be generalizable to women and other age groups or to other 400 populations. Finally, the median intake of protein was 18•6 E% in the highest consumption quartile; 401 thus, the results may not be comparable to high-protein diets that usually provide at least 20 E% of 402 protein (31) . 403
In conclusion, our results suggest that comparatively high protein intake does not independently 404 associate with risk of T2D, but the quality of both protein and carbohydrates modify the risk when 405 protein is consumed in place of carbohydrates. Favouring protein from plant sources and eggs over 406 other animal sources may be beneficial in the prevention of T2D. Mechanisms behind the distinct 407 associations of dietary proteins with T2D risk require further investigation. Long-term interventions 408 comparing diets with different macronutrient composition are also expected to shed more light on 409 potentiality of higher protein consumption in the T2D prevention (3, 47) . 410 history of diabetes, pack-years of smoking, education, leisure-time physical activity, serum ferritin, and intakes of alcohol, magnesium, coffee, cholesterol, and saturated, monounsaturated, polyunsaturated and trans fatty acids. High-quality carbohydrates include carbohydrates from whole grain products, legumes, nuts, seeds, mushrooms, fruits, berries, and vegetables (excluding potatoes). Total meat includes red meat, white meat, and offal. Adjusted for age, examination year, energy intake, marital status, income, use of hypertension medication, family history of diabetes, pack-years of smoking, education, leisure-time physical activity, serum ferritin, alcohol intake, glycaemic index, and intakes of fibre, magnesium, coffee, cholesterol, and saturated, monounsaturated, polyunsaturated and trans fatty acids. Total meat includes red meat, white meat, and offal.
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Supplemental Table S1 . Dietary sources of protein among 2332 men from the Kuopio Ischaemic Heart Disease Risk Factor Study † All white meat was unprocessed. energy intake; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; SFAs, saturated fatty acids. * P for trend across quartiles <0.05; P for trend was assessed with linear regression. † High-quality carbohydrates were defined as a sum of carbohydrates from whole grain products, legumes, nuts, seeds, mushrooms, fruits, berries, and vegetables (excluding potatoes). ‡ Excluding potatoes. •30 Models adjusted for age, examination year, energy intake, marital status, income, use of hypertension medication, family history of diabetes, pack-years of smoking, education, leisure-time physical activity, serum ferritin, alcohol intake, glycaemic index, and intakes of fibre, magnesium, coffee, cholesterol, and saturated, monounsaturated, polyunsaturated and trans fatty acids. † Data on body mass index was available for 2324 men, and on plasma glucose, serum insulin, and serum high-sensitivity C-reactive protein concentrations were available for 2312 men at baseline.
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‡ Additionally adjusted for BMI. § Total meat includes red meat, white meat, and offal.
||
Other fermented dairy includes sour milk, yoghurt, curdled milk, quark, sour cream and crème fraiche. † Total meat includes red meat, white meat and, offal. ‡ Other fermented dairy includes sour milk, yoghurt, curdled milk, quark, sour cream and crème fraiche. § Number of subjects in the quartiles one to four: 780 (zero intake), 517, 516, and 519, respectively.
Supplemental
||
Major plant protein sources include grain products, legumes, nuts, and seeds. Model 1 adjusted for age, examination year, and energy intake. Model 2 adjusted for Model 1 and marital status, income, use of hypertension medication, family history of diabetes, pack-years of smoking, education, leisure-time physical activity, and alcohol intake. Model 3 adjusted for Model 2 and intakes of coffee, and fruits, berries, and vegetables. Model 4 adjusted for Model 3 and serum ferritin, glycaemic index, and intakes of fibre, magnesium, cholesterol, and saturated, monounsaturated, polyunsaturated, and trans fatty acids. Model 5 adjusted for Model 4 and body mass index and fasting plasma glucose, and fasting serum insulin. Values are hazard ratios and 95% confidence intervals derived from Cox proportional hazards regression models. Adjusted for age, examination year, energy intake, marital status, income, use of hypertension medication, family history of diabetes, pack-years of smoking, education, leisure-time physical activity, alcohol intake, coffee intake and intake of fruits, berries and vegetables. Foods providing plant protein include grain products, legumes, nuts, and seeds. Total meat includes red meat, white meat, and offal.
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